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ABSTRACT 

Many core-collapse supernova progenitors are presumed to be in binary systems. If a 
star explodes in a binary system, the early supernova light curve can be brightened by 
the collision of the supernova ejecta with the companion star. The early brightening 
can be observed when the observer is in the direction of the hole created by the colli¬ 
sion. Based on a population synthesis model, we estimate the fractions of core-collapse 
supernovae in which the light-curve brightening by the collision can be observed. We 
find that 0.19% of core-collapse supernova light curves can be observed with the col- 
lisional brightening. Type Ibc supernova light curves are more likely to be brightened 
by the collision (0.53%) because of the high fraction of the progenitors being in binary 
systems and their proximity to the companion stars. Type II and Ilb supernova light 
curves are less affected (~ 10“^% and ~ 10“^%, respectively). Although the early, slow 
light-curve declines of some Type lib and Ibc supernovae are argued to be caused by 
the collision with the companion star (e.g. SN 2008D), the small expected fraction, 
as well as the unrealistically small separation required, disfavour the argument. The 
future transient survey by the Large Synoptic Survey Telescope is expected to detect 
^ 10 Type Ibc supernovae with the early collisional brightening per year, and they 
will be able to provide information on supernova progenitors in binary systems. 

Key words: binaries: general - supernovae: general - supernovae: individual 
(SN 2008D) 


1 INTRODUCTION 

Core-collapse supernovae (SNe) are explosions of massive 
stars. Massive stars do not explode as they are born. During 
their evolution to their death, which takes millions of years, 
the internal structures of the stars dramatically change and 
their masses can be reduced because of mass los s. They can 
also b e affected by their binary companions. ISana et al.l 
(l2012ll found that more than 70% of massive stars which can 
eventually explode are once in close binary systems. The 
effect of stell ar dupl i city o n the stellar evolution has been 
studied (see iLangerl |2012| for a review). Especially, core¬ 
collapse SNe with little or no hydrogen (SNe IIL/IIb/Ib/Ic) 
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When a SN explosion occurs in a binary system, the SN 
and the companion star can be both affe c ted by the explo- 
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affecte d by t he existence of the companion. In particular, 
iKaserJ (l2010l . KIO hereafter) showed that the binary com¬ 
panion can alter the early X-ray/ultra-violet/optical SN 
LCs. The early optical brightness is increased because of 
the extra heating provided by the collision between the SN 
ejecta and the companion star. 


While early SN optical LCs are brightened by a colli¬ 
sion, they are presumed to decline much more slowly than 
those without a collision (KIO). Relative to a normal, e.g. 
single-star, SN, the LC describing a collision between SN 
ejecta and a companion star is brighter (KIO). Energy 
from the collision counteracts adiabatic cooling after the 
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shock breakout, thus slowing the LC decline. The LC of 
SN Ib 2008D was related to a collision because of the ex- 
trem ely slow LC decline during the 5 days after the explo¬ 
sion toessart et al.ll2011^ . SN LC simulations show that the 
early LC declines in SNe Ibc caused by the adiabatic cooling 
in the SN ejecta only last about 1 day because their progen¬ 
itors are compact (Wolf-Rayet stars). The LCs then become 
flat for several days because of helium recombi nation if a suf- 
hcien t amount of helium is in the progenitors (iDessart et al.l 
[20 i 3). The declining phase of the LC of SN 2008D lasted for 
about 5 days and is difficult to explain with standard com¬ 
pact Wolf-Rayet progenitors. Because many S N Ibc progen¬ 
itors are suggested to be in binary systems, IPessart et al.l 
ll201lll proposed that the slow decline can be related to 
the collisi on of the SN e jecta with the binary companion. 
However, iBersten et al.l ( 2013l 'l argued that the separation 
required to explain the early luminosity of SN 2008D is un¬ 
realistically small Rq) and it is not likely caused by the 
collision. They suggested that the ®®Ni mixing to the outer¬ 
most layers of the SN ejecta lead to the early, slow LC de¬ 
cline rather than the collision. Other plausible explanations 
for t he slow LC decline include a large progenitor r adius 
(e.g. IChevalier fc FranssonI l2008l : iNakar fc Pird |2014| ~I and 
the existence of an extended dense circumstella r medium 
(e.g. iBalberg fc Loebiboill : ISvirski fc Nakai|[2014l L 

While a large fraction of core-collapse SN progenitors 
may be affected by the binary companion during their evo¬ 
lution, whether we can observe brightening in the early LCs 
is not obvious even if the progenitors are in binary systems. 
This is because not only the progenitors need to be in bi¬ 
nary systems but also observers need to be within certain 
limited viewing angles from which the brightening can be 
observed (KIO, Fig. [T]). In this paper, we investigate the 
expected fractions of core-collapse SNe whose observed LCs 
are brightened by the collision based on a population synthe¬ 
sis model. Our predicted fractions can be tested with future 
transient surveys. 

The rest of this paper is organized as follows. In Sec¬ 
tion [2l we summarize our population synthesis model and 
the general SN properties predicted from the model. Then, 
we estimate the fractions of SNe in which the early LC 
brightening by the collision is observable in Section [S] We 
discuss our results In Section U and conclude In Section 


2 POPULATION SYNTHESIS 

In this section, we briefly summarize our population syn¬ 
thesis modelling. We discuss the general SN properties pre¬ 
dicted by our population synthesis model. We also discuss 
the uncertainties in our predictions. 


2.1 Method 

We model stellar e volution with the b i nary e voluti on code 
binary_c/nucsyn l|lzzard et all l2004l . l200fil . [200^ which 
is a modified and u p dated version of that presented by 
I Hurley. Tout, fc Fold (l2002l l. We refer to these papers for 
the detailed physics and assumptions in the binary evo¬ 
lution model. Of the key parameters in binary-star evo¬ 
lution, we set the common-envelope ejection efficiency. 


observable direction 



supernova ejecta 


Figure 1. Schematic picture of important parameters in our 
model. When the SN ejecta collides with the companion star with 
radius R* at a separation a, a hole with the half opening angle 
of Of, ~ arctan(2R*/a) is created by the collision. The early LC 
brightening because of the collision can be observed when the 
observer is in the direction of the hole (KIO). 


acE, to 1 by default and use the hts to detailed mod- 
els describing the en v elope binding energy parameter, A 
ijPewi fc Taurisl l200f)l : iTauris fc Dewil 1200 il l . acB is con¬ 
strained to be around ~ 0.1 — 1 for low- and intermediate- 


mass stars (e.g. Zorotov 

c et al.ll2010l: iDe Marco et al.ll201ll: 

iDavis. Kolb, fc Kniggd 

2012|L Wind mass loss is taken 


into account by fo llowing the prescription summarized in 
lizzard et al.1 l|200(jl l. A SN is assumed to occur when the 
carb on-oxygen core mass reach es a given maximum mass 
fsee iHurlew Pols, fc Tou3 I 2 OOOI for details). When a star 
explodes in a binary system, the companion star is as¬ 
sumed to receive a kick velocity from a Maxwellian distri- 
bution with a disper s ion o f 190 km s“^, as is assumed in 
iHurlev. Tout, fc Polsl (|2002ll . 

Our stellar populations are modelled by a three- 
dimensional parameter space of the primary mass, secondary 
mass, and orbital period. The primary ma ss is distribute d 
according to the initial mass function of iKrou 3 ll200iri . 
and the secondary mass is chosen to be flat in the mass 
ratio q = M 2 /Mi . The period distribution follows that of 
ISana et ld] (|201 2ll for O-type primary stars in excess of 
16 Mq, Raghavan et al.l (l20ld l for solar-like primary stars 
with mass below 1.15 Mq, and a fitting function interpolated 
linearly in primary mass between these two limiting masses. 
We evolve systems with primary masses from 3 to 80 Mq, 
mass ratios between O.IM 0 /M 1 and 1.0 and orbital periods 
between 0.1 and 10^° days. All our stars have metalllcity 
Z = 0.02 and start in circular orbits. 

The fraction of st ars in binary sy s tems in our stellar 
populations Is based on iRaghavan et ^ ll2010ll . All the stars 
which are O-type or B-type at the zero-age main sequence 
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are assumed to be in binary systems initially. Therefore, the 
initial binary fraction of our SN progenitors is essentially 
100%. Observations indicate that th e fraction of OB stars 
in binary system s are more than 70% dRaghavan et al.ll2010l : 
ISana et al.ll2012f) . Single stars in these observations may be 
observed as single because they are merged stars or their 
companion stars have already exploded. Thus, the actual 
initial binary fractions are not well-known and we simply 
assume the 100% binary fraction in this study. 


Table 1. Fractions predicted from our population synthesis 
model. See Section [23] for uncertainties. 


SN type 

SN fraction 

/e (binary) “ 

/(observable)^ 

II 

0.54 

0.29 

3.8 X 10“® 

lib 

0.10 

0.26 

1.6 X 10“"^ 

Ibc 

0.36 

0.61 

5.3 X 10-3 

all types 

1 

0.40 

1.9 X 10“® 


2.2 Supernova properties 


The population synthesis model described in the previ¬ 
ous section predicts several SN properties. The total core¬ 
collapse SN rate of the Galaxy predicted from the model is 
(0.93—1.99) X10“^ assum ing a Galactic star-formation 
rate of 0.68 — 1.45 Mq yr“^ (iRobitaille fc WhitnevI [ioi^ 'l 
and the average stellar mass from the Kroupa initial mass 
function (0.83 Mq). This rate is consistent with the esti¬ 
mated Galactic core-collapse S N rate from re cent surveys 
[e.g. (2.30 ±0.48) x 10"^ vr~ MLi et aT]l2011ai| . 

We determine the SN type of the exploding stars based 
on the stellar composition. While there exist many types 
of core-collapse SNe, we only consider three SN types (II, 
Ilb, and Ibc) for simplicity. If hydrogen remains in SN pro¬ 
genitors, the SNe are classified as Type II or lib. We try 
to identify Type lib because several SN li b progenitors 
are suggested to be in bi n ary systems (e. g. |Maund_eLal ' 
2004; iBersten et al.l l2012l : IFox et ahl l2014l : iFolatelli et al 


2014h . The difference between the progenitors of the two 


SN types is presumed to be in the remaining hydrogen- 
rich envelope mass, but the exact mass dividing the two 
types is not well-constrained. In our standard model, we 
classify the progenitors with the hydrogen-rich envelope 
mass smaller than 4.5 Mq as Type lib and the other 
hydrogen-rich progenitors as Type II. The dividing mass 4.5 
Mq is chosen so that the Type lib fraction i n our model 
is similar to the ob s erved fraction (-^ 10%, ISmith et al.1 
l201lj : lEldridge et al.l l2013l l. However, the dividing mass 
4.5 Mq is higher than the 2 Mq u sed in other pro gen- 
itor studies (e.g. iHeger et al.1 l2003l : iGroh et l2013h or 
those estim ated from observational properties 0.5 — 
0.1 Mq, e.g. Nomotoet_alJ 199^Podsiadiowski_et_alJ 199^ 


Woosle^_et^ 1994 Blinnikov et al.1 19981 : Elmhamdi et alJ 

20061 : IBersten et al.i2012h . We also show the results with the 


dividing mass of 2, 0.5, and 0.1 Mq. As is shown in the fol¬ 
lowing sections, the SN lib fractions in core-collapse SNe are 
affected by the dividing mass but the observational fractions 
of the early LG brightening because of the collision are not 
much. If a SN is hydrogen-free, it is classihed as Type Ibc. 
Because the differences in the progenitors of Type Ib and 
Ic SNe may not simply come from th e remaining helium 
mass and they are no t well-known (e.g. IPessart et al.ll^l2l : 
iHachinger et al]l2012fl . we do not sub-divide the hydrogen- 
free SNe. 

The fractions of each SN type are shown in Table [T] 
The fractions of hydrogen-rich SNe (Types II and lib) and 
the hydrogen-free SNe (Type Ibc) obtained from our pop¬ 
ulation synthesis model match the observations reasonably 


~ 30%.lArcavi et al 

l2010l:lLi et al.ll2011bl:ISmith et al.ll201ll: 

lEldridge et al.1 2013 

), although Type Ibc SNe are slightly 


“ Fraction of SNe in binary systems at the time of the explosion 
in the given SN type. 

^ Fraction of SNe in which the collisional early LC brightening is 
observable in the given SN type. 

overproduced (see also discussion on uncertainties in Sec- 
tion l2.3ll . When the dividing mass between Type II and Type 
lib is set to 2, 0.5, and 0.1 Mq, the SN lib frac tions become 
2.9% , 2.2%, and 2.0%, respectively (see also IClaevs et al.l 
I 2 OIIII . The fraction of hydrogen-free SNe is not affected by 
the dividing mass of the two hydrogen-rich SN types. 

To summarize, our population synthesis model repro¬ 
duces bulk observational properties of core-collapse SNe, 
namely, the rate and the fraction of the hydrogen-rich and 
hydrogen-free SNe, reasonably well. Thus, the model is pre¬ 
sumed to represent the binary properties of SN progenitors 
reasonably. 


2.3 Uncertainties 

Because the number of stars used in our population syn¬ 
thesis calculations is sufficiently large, the errors in the es¬ 
timated fractions below are mainly systematic. To evaluate 
the systematic uncertainties, we perform the binary popula¬ 
tion synthesis calculations with several model assumptions. 
The largest deviation in the predicted fractions we found is 
by a factor of 1.5 from the standard fraction shown in the 
next section when we reduce the common-envelope ejection 
efficiency a cE to 0.5 from the st a ndard value qce = 1. We 
also refer to lde Mink et al] (l2014h : [ciaevs et al.1 (l201ll . [2014|j 
for the recent investigations on the systematic uncertainties 
in the binary evolution modelling with similar algorithm. 


3 PREDICTED OBSERVABLE FRACTIONS 
OF THE EARLY LIGHT-CURVE 
BRIGHTENING DUE TO THE COLLISION 

Based on our population synthesis model, we estimate the 
expected fractions of core-collapse SNe in which the LC 
brightening due to the binary collision is observable. Our 
population synthesis model provides the fractions fa of SNe 
coming from each simulated progenitor system at the time 
of the explosion. The total fraction of SNe in binary systems 
when they explode is expressed as 

/e (binary) = ^ (1) 

binary 

The summation in Eq. 0 is taken for all the SN pro¬ 
genitors which are in binary systems at the time of the 
explosion. The binary fractions predicted from our popu¬ 
lation synthesis model are shown in Table [T] The binary 
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0.1 1 10 
0^ (degree) 


to have a small effect on the observable fraction (1.8 x 10 
for 2 Mq, 1.5 X 10"^% for 0.5 Mq, and 1.4 x 10"^% for 
0.1 Mq). Fig. [2] shows the distributions of 9h for each SN 
type in our standard model. Although the binary fractions 
are similar in SNe II and Ilb in our population synthesis 
model, SN lib progenitors have larger 8h, making the ob¬ 
servable fraction larger. This is because hydrogen-rich SN 
progenitors in closer binary systems can lose their envelope 
more easily by the binary interaction during the evolution. 
Compared to the hydrogen-rich SNe, SNe Ibc have a much 
larger observable fraction, 0.53%, thanks to the larger bi¬ 
nary fraction and the flatter distribution of 9/, (Fig. In 
other words, we expect to observe the brightening in about 
5 out of 1000 SNe Ibc with early discoveries. 


Figure 2. Hole half-opening angle {9h) distribution predicted 
from our population synthesis model. The fractions of the SNe in 
the given SN type in each angle bin are presented. The leftmost 
bin includes all the SNe below 9}, = 0.18°. 

fractions are smaller at the time of the explosion than at 
the time of the birth because a SN progenitor can leave 
the binary system when its companion star explodes ear¬ 
lier. Stellar mergers also reduce the binary fractions. Be¬ 
cause SN II progenitors tend to have longer life times, their 
binary fraction is more reduced when they explode than 
that of SN Ibc progenitors. The binary fraction is larger 
in SNe Ibc because more mass can be lost in the binary 
systems because of the binary interactions during the evolu¬ 
tion, allowing the progenitors in the binary systems to strip 
the hydrogen-rich envelope more easily. The binary evolu¬ 
tion makes the predict ed fraction of the stripped SNe close 


to that observed (e.g. Izzard, Ramirez-Ruiz. & ToutI 2004 

Eldridee. Izzard. & Tout 20081: 

Eldridee. Laneer. & Toud 

2014i. 



4 DISCUSSION 

We have shown that the fractions of core-collapse SNe in 
which the LC brightening from the binary collision can be 
observed are very small. The predicted small observational 
probabilities disfavour the argument that the early slow LC 
decline observe d in SN Ib 2008D is because of the collision 
with the binary llDessart et ahll^llll . given the tota l number 


of the well-observed SN Ibc LCs is about 100 (e.e. Li et al. 

2011b 

: Drout et al. 

2 OIII; iBianco et al.ll20l4 iLvman et al. 

20 14 

Taddia et al.l 

2015^. iBersten et al.l (2013|) argued that 


the separation needs to be a ~ 10^^ cm to explain the early 
LC of SN 2008D by the collision based on their estimates of 
the SN properties. Our population synthesis result indicates 
that the systems with a ~ 10^^ cm in SNe Ibc are extremely 
rare (Fig. [3]l, because this separation is the typical radius 
of Wolf-Rayet stars. This further suggests that the early 
slow LC decline is not likely because of the collision. Other 
mechanisms are likely to be related to the mysterious slow 
LC decline of SN 2008D in its early epoch. 


We assume that LC brightening from a binary collision 
can be observed if the observer is within the half opening 
angle 9h of the hole created by the collision (KIO). Following 
KIO, we set 


9h — arctan 



( 2 ) 


where R* is the radius of the companion and a is the separa¬ 
tion. Fig.[T]presents a schematic picture of these parameters. 
If the observer is at a random location, the probability ph 
that the SN is observed within the half opening angle is 



1 — cos 9h 
2 


(3) 


where Qh is the solid angle of the hole. The fraction of SNe 
in which the collisional brightening can be observed is 


Except for SN 2008D, there are no re ported SNe Ibc 
the clear earl y slow LC decline (e.g. [ld_et 

I; iBianco et al. I I 2 OI 4 I : iLvman et al.l 


Drout et al 


11^: li 

1LI I2OI5IL 


201 Ibl: 


2014 


Taddia et al.l 120151 1. This is consistent with the estimates 
from our population synthesis. SN Ibc LCs with the ob¬ 
servations early enough to see the collisional effect are 
still rare. Our prediction that 0.53% of SNe Ibc are 
brightened by the collision can be tested by future large 
SN surveys. For example, the Large Synoptic Survey 
Telescope expects ^ 10"^ SN Ibc dis coveries per year 
iILSST Science Collaboration et ^ l2009ll and it will find 
~ 10 SNe Ibc with the early brightening by the collision per 
year if they are detected early enough. The Zwicky Tran¬ 
sient Facility is also likely to be capable of detecting such 
event thank s to their emphasis on the early SN discovery 
llBellmll20li) . 


/(observable) = E fsPh- (4) 

binary 

The fractions of SNe in which the LC brightening from 
a collision is observable are summarized in Table □ 0.19% 
of all core-collapse SN LCs are found to be brightened by 
the collision. The observable fractions in SNe II and lib are 
small. The expected fraction for SNe II is 3.8 x 10“®%. The 
fraction is larger in SNe lib (1.6 x 10“^% for the standard 
model). The dividing mass between SNe II and lib is found 


On the contrary, the earl y slow LC dec l ines o f SNe lib 
are frequently observed (e.g. iBufano et al.l |2014^ and the 
observed SN fraction with the early slow LC decline is pre- 
sumed to be much l arger than the fraction estimated here. 
iDessart et al.l ([2oT3) argued that the extremely large radii 
required to explain the early slow L C decline observed in 
SNe lib (e.g. > 630 Rq for SN 1993J. [Blinnikov et al.lll998h 
may indicate that they are actually brightened by the binary 
collision. However, the predicted fractions in our model to 
observe the collisional brightening in SNe lib (~ 0.01%) are 
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even smaller than those in SNe Ibc 0.1%). Thus, the slow 
LC declines often observed in SNe Ilb are presumed to be 
mostly from another cause, e.g. the extended early cooling 
phase caused by the large progenitor radii. 

It is interesting to note that SNe lib are suggested 
to come from both compac t and extended progenitors 
dChevalier fc Soderberdboid l. If we can identify the com¬ 
pactness of SN lib progenitors by multi-wavelength ob- 
servations like the radio ob servations demonstrated by 
IChevalier Sz Soderberd ll 2010 l l and the early slow declines 
are associated with the compact progenitors, the early slow 
declines are more likely to be related to the collision because 
of the rapid adiabatic cooling of the compact SN ejecta. 
In our standard population synthesis model, about 10% of 
SNe lib have progenitors with radii smaller than 10 7?©. 
This fraction increases as the dividing mass decreases be¬ 
cause closer binary systems tend to lose more envelope mass. 
When the dividing mass is 0.1 M©, about 60% of the SN 
lib progenitors have radii shorter than 10 7?©. This kind 
of information in SNe lib may be used to un derstand the 
phys i cs involved in the binary evolution (cf. IClaevs et al.l 
I 2 OIII : IStanclifle fc EldridgelbOO^ l . 

An interesting feature of the LCs affected by the col¬ 
lision is the strong dependence of the luminosity on the 
separation (KIO). The early isotropic bolometric luminos¬ 
ity Lc,iso by the collision observed within 6h is formulated 
by KIO as. 


~ 2 X 10^ 


( ® "l 

( Vi 

{ Uej \ 

V10*^ cm 7 

\wMqJ ' 

V 10^ cm s“i / 


0.2 cm^ g“i 


( — 
Vday 


erg s 


(5) 


where Mej is the SN ejecta mass, Uej is the SN ejecta ve¬ 
locity colliding to the binary star, Ke is the electron scat¬ 
tering opacity in the SN ejecta, and t is the time since the 
explosion. The luminosity is proportional to the separation 
because the collisional heating at longer separations is less 
affected by the subsequent adiabatic cooling (KIO). In Fig.|3l 
we plot the fraction distribution of the SN Ibc progenitors 
in binary systems at the time of the explosion. The angle 6h 
is plotted vs the separation. The angle indicates the prob¬ 
ability for the system to be observed within the hole cre¬ 
ated by the collision (Eq. |3}. The most probable systems 
to be observed have 013 = 0.1 — 1. This indicates that the 
early luminosity affected by the collision is most likely to be 
~ 1 q 42 -43 g-i with a typical ejecta mass of 

2 M© torout et al.ll201ll l. Because the binary configuration 
of the most probable systems is similar to the system with 
which the LC brightening is simulated by KIO in terms of 
the ratio of the separation to the companion radius (a factor 
of a few), the SN Ibc LCs with the collisional brightning are 
presumed to be similar to those in KIO. For SNe II and lib, 
the separations of the systems with the highest observable 
probabilities are ~ 10^^ cm. Thus, the typical early time 
luminosities from the collision can be ~ 10 ^"* erg s~^ with 
Mej = 10 M©, although this is rarely observed. 



11 12 13 14 15 16 


log separation (cm) 


Figure 3. Fractions of SNe Ibc in the separation-6^ plane at 
the time of the explosion. The fraction of SNe Ibc in each bin 
is indicated by colour. Nothing is plotted in the regions with a 
fraction smaller than 10“®. 


5 CONCLUSIONS 

We investigate the expected fractions of core-collapse SNe 
in which the LC brightening due to the collision between 
the SN ejecta and the companion star is observable by per¬ 
forming population synthesis simulations with binary stellar 
evolution. The brightening of the LCs is assumed to be ob¬ 
servable if an observer is within the direction of the hole 
created by the collision (KIO, Fig. [T]). 

The expected fractions are summarized in Table □ We 
find that only 0.53% of SN Ibc LCs can be observed with the 
brightening because of the binary collision, although 61% of 
them are in binary systems when they explode. The observ¬ 
able fractions in hydrogen-rich SN LCs are much smaller 
because of the smaller fractions of the progenitors in binary 
systems at the time of the explosions and the larger separa¬ 
tions (~ 10"®% in SNe II and ~ 10"^% in SNe lib). 

The very small predicted fractions disfavour the in¬ 
terpretation that the early slow LC decline observed in 
SN Ib 2008D is due to the binary collision. The separation 
required to expl ain the early LC is also unrealistically small 
(Fig. O see also lBersten et Sll20I3l f . We find that the most 
probable systems to be observed with LC brightening have 
a — 10^^ — 10^® cm (SNe Ibc) and a ^ 10^^ cm (SNe II and 
lib). Thus, the expected luminosities of the LCs affected by 
the collision are ~ 10"*^ — erg s“^ (SNe Ibc) and ~ 10'*'* 
erg s"* (SNe II and lib). 

The small expected fractions indicate that the slow LC 
declines observed so far are likely to be caused by other 
mechanisms than the collision. However, future large tran¬ 
sient surveys such as the Large Synoptic Survey Telescope or 
the Zwicky Transient Facility will be able to observe SN LCs 
with the collisional brightening. The Large Synoptic Survey 
Telescope is expected to detect ~ 10 SNe Ibc with the early 
brightening due to the collision per year. The Zwicky Tran¬ 
sient Facility is also capable of detecting such events with 
their emphasis on early SN discovery. 
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